Aims: There has been no evidence on the effects of evolocumab, protein convertase subtilisin/kexin type 9 (PCSK9) inhibitor, on small size LDL. We observationally investigated the efficacy and side effects of evolocumab on the LDL subfraction particle diameter using PAGE system for lipoprotein analysis. Methods: We defined 30 patients with high-risk hyperlipidemia. As for analysis of LDL subfraction profile, we used polyacrylamide gel electrophoresis three methods: 1) 3% nondenatured poly-acrylamide gel electrophoresis method (3%PAGE), 2) 2% -16% nondenatured poly-acrylamide gradient gel electrophoresis method (2% -16% GGE) and 3) 2.7% -5% GGE. Evolocumab 140 mg/day administered together with statin significantly improved serum total cholesterol (TC), triglyceride (TG), high-dense lipoprotein-cholesterol (HDL-C), and LDL-C after four-week treatment. Results: TC, TG, HDL-C and LDL-C levels were improved by, respectively, 33%, 20%, 10%, and 54%. The mean LDL size significantly increased from 25.6 ± 0.4 nm to 26.4 ± 0.8 nm. The small dense LDL-cholesterol (sdLDL-C), large buoyant LDL-cholesterol (lbLDL-C), and mid-band lipoprotein-cholesterol were reduced, respectively. Therefore, the preliminary study on this paper can be the first step into a new insight on the world of lipid metabolism. Conclusion: Short-term adminisHow to cite this paper:
Introduction
Elevated low-density lipoprotein cholesterol (LDL-C) level is an independent risk factor for coronary artery disease (CAD); however, large CAD prevention trials have demonstrated that reducing LDL-C level by intensive 3-hydroxymethylglutaryl CoA (HMG-CoA) reductase inhibitors (statins) treatment regime does not prevent the majority of CAD events [1] . Large-scale intervention studies on the main risk factors of atherosclerosis indicated that lowering the serum total cholesterol (TC) levels by 24% -25% contributes to prevention of only 36% of total cardiovascular events [2] . In other words, we need to find out how to treat those patients with no improvement from statins. In some cases, we cannot use enough doses of statins due to adverse effects (unmet needs) [3] , resulting in its reduced efficiency. In addition to that dilemma, there are still other critical risk factors including hypertension, diabetes, obesity, smoking, high triglyceridemia and hypo high-density lipoprotein-cholesterolemia (hypoHDL-emia).
It is also believed that LDL subpopulations, classified according to size, buoyant density, and chemical composition, have proved essential rather than total LDL-C itself [4] [5] . Many investigators have studied the relationship between the potent pro-atherogenic lipoprotein particles and cardiovascular risks with the aim of improving the prediction of CAD events and identifying patient groups that should be treated [1] [6] [7] . We have paid the most attention to small size, dense high LDL (small, dense LDL (sdLDL)). For example, patients with elevated sdLDL levels have a 2-to 3-fold increased risk of CAD. Some studies have demonstrated that several statins reduce not only LDL but also sdLDL [8] . However, we have believed that we need to lower sdLDL further [9] .
With those backgrounds, we have been long waited for more powerful, new medications to be developed. Evolocumab (AMG 145; Repatha ® ; Amgen Inc., Thousand Oaks, CA), inhibits protein convertase subtilisin/kexin type 9 (PCSK9) recently became available first in the Europe and United States (US) [10] , and finally in Japan last year. Evolocumab, a fully human immunoglobulin G2 monoclonal antibody (mAb), mediates proteolytic degradation of hepatic LDL receptors (LDLR) resulting in more efficient clearance of apolipoprotein B (ApoB)-containing lipoproteins [10] . However, it has been not reported that the status of the LDL subpopulations is improved by evolocumab treatment. In this study, we investigated that the relationship.
Both "quantity" and "quality" of LDL-C must be clinically valuable; however, clinicians usually receive unsatisfactory test results for lipoprotein profiling because of the limited number of available assays for lipids and lipoproteins in clinical laboratories (usually only 3 or 4 items) [11] . Analytical ultracentrifugation, poly-acrylamide gradient gel electrophoresis method [6] , nuclear magnetic resonance (NMR), high-performance liquid chromatography (HPLC) with gel filtration columns, ion mobility analysis (IM), and dynamic light scattering (DLS) [12] , and homogenous assays, have been used to assess LDL particle sizes [13] [14] . Recently, we developed a novel fluorescence detection method [15] but the methods mentioned above are technically-demanding, expensive, or both. Moreover, there has been no standardization of these LDL-size assessments [16] .
In this study, we evaluated the change of the heterogeneity of LDL particles by treatment of evolocumab in 30 patients with high-risk hyperlipidemia, using PAGE system for lipoprotein analysis.
Materials and Methods

Subjects
The design of this study was prospective, open-labelled, blinded study, and subjects were investigated in October 2015 and evolocumab were treated from August 2016. Eligible patients were assigned either statin or statin plus evolocumab. We produced the sets of random allocations, by a research support person (who will not be performing data collection) in advance of the start of the study, which were then sealed in consecutively numbered opaque papers. Once the patient has given consent to be included in the trial, the patient was then irreversibly randomised by looking the next sealed papers containing the assignment. Patients in both groups were counselled to follow the National Cholesterol Education Program step I diet. And the patients visited the outpatient clinic of Saitama Medical University Hospital Endocrinology/Diabetes Department. 25 patients were available for statin group. Treatment in the statin group was started at 5 mg per day atorvastatin, or at 2.5 mg per day rosuvastatin. During follow-up, the dose of atorvastatin, or rosuvastatin could be adjusted by the treating physician, with uptitration to 40 mg per day, or 20 mg per day if the LDL-C level did not decrease to the target level or less. Maximally tolerated statin dose is the highest tolerable registered dose of daily statin currently administered to the patient, i.e. rosuvastatin 20 mg, atorvastatin 40 mg. It was planned to be administered lower doses or the other statins in the case of intolerance according to the investigator's judgment. The case of intolerance have the inability to highest tolerable registered dose of statins because of muscle-related symptoms, interstitial lung disease, thrombotic thrombocytopenic purpura, tendonitis, arthralgia, arthritis, headache, asthenia, dizzy, fatigue, elevation of liver aminotransferases, serum creatinine (Cr) level.
30 patients were available for statin plus evolocumab group. They were treated with atorvastatin (12 patients), rosuvastatin (14 patients), fluvastatin (3 patients), or pravastatin (1 patient). Evolocumab was additionally administered to the patients 1) with CAD, 2) with heterozygous familial hypercholesterolemia (HeFH), or 3) who were refractory to statin treatment, according to the "2012 Guidelines for Treatment of Dyslipidemia" by Japan Atherosclerosis Society (JAS). Evolocumab was administered at the dose of 140 mg once every two weeks.
The inclusion and exclusion criteria were described in detail below. Major inclusion criteria were as follows: 1) HeFH, 2) type 2 diabetes mellitus with 120 mg/dL or more than 120 mg/dL LDL-C, 3) patients of "2012 Guidelines for Treatment of Dyslipidemia" by the JAS Category III (Diabetes patients are excepted) with 120 mg/dL or more than 120 mg/dL LDL-C, 4) patients of "2012 Guidelines for Treatment of Dyslipidemia" for secondary prevention with 100 mg/dL or more than 100 mg/dL LDL-C, 5) patients who were refractory to statin treatment, or 6) patients with hypercholesterolemia receiving a statin treatment for at least 6 weeks prior to screening period.
Major exclusion criteria were as follows: patients 1) with receiving insulin, 2) with Glucagon-like peptide 1 (GLP-1) receptor agonists, 3) male, serum Cr ≥ 3.0 mg/dL, woman, serum Cr ≥ 2.5 mg/dL, 4) fasting triglyceride (TG) is greater than or equal to 400 mg/dL, 5) HbA1c was changed more than 2% within 3 months, 6) with severe ketosis, diabetic coma or precoma, peripheral artery disease, abdominal aortic aneurysm, carotid artery occlusion >50% without symptoms, carotid endarterectomy, carotid artery stent procedure, renal artery stenosis, or renal artery stent procedure, 7) with severe infection, before and after surgery, patients with severe trauma, considered as inadequated by the investigator and doctor, 8) pregnant or breast-feeding women, 9) women of childbearing potential with no effective contraceptive method, 10) participants not previously instructed on a cholesterol lowering diet at the first visit for participants who were being treated with stable dose of statin for at least 6 weeks prior to screening.
For laboratory tests concerning serum lipids, fasting blood samples were collected once every two weeks. TC levels and TG levels were measured by the enzyme method and HDL-C by the selective solubilization method at the facilities at Saitama Medical University. Measurement using 3% poly-acrylamide gel disc electrophoresis (PAGE) was performed later by MCL (Ltd. Musashi Clinical Laboratories, 309-8 Ooazakamifuzisawa, Iruma-shi, Saitama, Japan). The level of LDL-C was calculated by the method of Friedewald (F method), but patients with TG of 4.5 mmol/L (400 mg/dL) or over were excluded.
Ethics Statement
This study was conducted in accordance with the Good Clinical Practice (GCP), International Conference on Harmonization Guidelines (ICH), and applicable laws and regulations. The study protocol was approved by the Ethics Committee of Saitama Medical Hospital. After receiving a full explanation of the study, all patients provided written, informed consent before enrollment. This study is registered with the University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR; Japan), number UMIN000018818.
Nondenaturing Poly-Acrylamide Gradient Gel
Electrophoresis (GGE) ) in order to accurately determine the LDL particle diameters, in addition to the broad-range 2% -16% GGE (golden standard method). 2% -16% PAGE is very soft and fragile as compared to 2.7% -5%PAGE. The GGE gels were stained with Oil Red O and scanned using an image scanner, producing a graphical representation of the size distribution of lipoprotein particles.
3% Poly-Acrylamide Gel Disc Electrophoresis (PAGE) and Densitometric Analysis
3% PAGE and densitometric analysis were determined by the standard method 
ApoE Phenotyping
ApoE phenotyping was performed using a commercial kit (Phenotyping Apo E IFE System, Jokoh Co. LTD., Tokyo, Japan). The APOE gene has 3 different alleles, ɛ2, ɛ3, and ɛ4, which encode 3 common isoforms (E2, E3, and E4), so there are 6 different ApoE phenotypes: E2/2, E2/3, E2/4, E3/3, E3/4, and E4/4.
New Method of Constructing Artificial Lipoprotein Markers (Standard Size Markers)
No standardization of these size assessments has been performed [16] . We in- Ltd. Kyoto, Japan). DLS measurements were performed at room temperature (25.0˚C) with the green laser output at 532 nm and the measurement scattering angle set to 90.0˚C. Mean LDL particle diameters were estimated from the standard curve obtained from the relationship between the diameters of the size markers and the Rm values in PAGE.
Statistical Analyses
Statistical analyses were performed using SPSS 15.0 software (SPSS Statistics 21, IBM). All serum lipids were compared by paired t-test with significance levels of 5% on two sides. The measurement values were expressed in mean ± SD. Correlation between variables was determined using Spearman's Correlation coefficients. As data not shown, there was not a significant difference between statin group and statin plus evolocumab group in the backgrounds of the patients. There were many cases of inability to highest tolerable registered dose of statins be- cause of side effect such as muscle-related symptoms. Although TC, TG, HDL-C, and LDL-C levels were improved in statin group, there were not reach to significant difference. Moreover, the sdLDL-C, lbLDL-C, and mid-band lipoprotein-C
Results
Patients' Backgrounds
were not significantly changed (data not shown) in statin group. Figure 1 shows the notable changes in TC, TG, HDL-C, and LDL-C levels produced by administration of 140 mg evolocumab every two weeks. With the administration of 140 mg evolocumab, serum TC, TG, HDL-C, and LDL-C levels were improved after the start of evolocumab treatment (respectively, p = 1.0 × 10 ). Percent changes of serum TC, TG, HDL-C, and LDL-C levels were respectively reduced by 33%, 20%, 10%, and 54%. We indicated an example of the lipoprotein densitometric patterns by 3% PAGE before (Figure 2(a) ) and after (Figure 2(b) ) the add-on therapy of 140 mg evolocumab. Although there were marked changes in the lipid profiles, the changes of the mean LDL sizes were not big. Thus, we detected eight fractions by this Gaussian fitting method: VLDL1, VLDL2, IDL, L-LDL, M-LDL, s-LDL, vs-LDL, and HDL fractions in order to determine the "quantity" and "quality" of lipoproteins. Figure 3 indicated the evaluation of changes of Figure 2 in the eight fractions before (A) and after (B) the add-on therapy of 140 mg evolocumab by the Gaussian fitting method.
Changes in Serum Lipids by the Add-On Evolocumab Therapy
Determination of the Diameters of the Size Markers of Purified Gold Colloid
The diameters of the four standard size markers were determined by transmission electron microscope. The diameters of the purified gold colloid size markers (VLDL size marker, IDL size marker, LDL size marker, and small LDL size marker) Figure 1 . Change of TC, TG, HDL-C, and LDL-C levels before and after the 140 mg evolocumab add-on therapy (n = 30). All values are mean ± standard deviations. *significantly different from value obtained before evolocumab therapy (p < 0.001, by paired-t test). 
Changes in the Mean LDL Size by the Add-On Evolocumab Therapy and Relationships among the Main LDL Particle Diameters Obtained with 2% -16% GGE, 2.7% -5% GGE, and 3% PAGE
We indicated the electrophoresis images of three size markers (Figures 5(a)-(c) ).
Moreover, we indicated the standard curve obtained from the relationship between the diameters of the size markers and the Rm values in 2% -16% GGE (data not shown), 2.7% -5% GGE (data not shown), and 3% PAGE ( Figure 6 ).
In patients before and two and four weeks after initiation of the evolocumab treatment, the relationships between the mean LDL particle diameters obtained with 2% -16% GGE, 2.7% -5% GGE, and 3% PAGE were analyzed ( Figure 7 ).
The quantities obtained by the conventional, verified method using 2% -16% ).
With the add-on evolocumab therapy, the mean LDL size obtained with 2% -16% GGE was significantly increased in the 30 patients from 20.8 ± 0.9 nm to 22.6 ± 1.7 nm. Changes in the main LDL particle diameter obtained with 2.7% -5% GGE from 24.8 ± 1.2 nm to 27.2 ± 2.3 nm and 3% PAGE were significantly increased from 25.6 ± 0.4 nm to 26.4 ± 0.8 nm (Figure 8 ).
Changes in the LDL Subfraction Due to the Add-On Evolocumab Therapy as Determined by 3% PAGE (LipoPhor AS ® )
Figure 9(a) shows the sdLDL-C, lbLDL-C, and mid-band lipoprotein-C-lowering effect of subcutaneous doses of evolocumab administered every 2 weeks. The sdLDL-C, lbLDL-C, and mid-band lipoprotein-C levels were respectively reduced by 90%, 47%, and 36%. Figure 9 (b) shows the changes to the sdLDL-C/total LDL-C ratio, lbLDL-C/total LDL-C ratio, mid-band lipoprotein-C/total LDL-C ratio, and sdLDL-C/lbLDL-C ratio due to administration of 140 mg evolocumab every two weeks. The sdLDL-C/total LDL-C ratio, lbLDL-C/total LDL-C ratio, and sdLDL-C/lbLDL-C ratio were improved after evolocumab treatment respectively, while the mid-band lipoprotein-C/total LDL-C ratio were not improved ( Figure 9(b) ). (a) Change of LDL-C, lipoprotein LDL-C, lbLDL-C, and sdLDL-C levels and (b) change of the sdLDL-C/total LDL-C ratio, lbLDL-C/total LDL-C ratio, mid-band lipoprotein-C/total LDL-C ratio, and sdLDL-C/lbLDL-C ratio before and after the add-on therapy of 140 mg evolocumab (n = 30). The sdLDL-C, lbLDL-C, and mid-band lipoprotein-C levels were respectively reduced by 90%, 47%, and 36%. The sdLDL-C/total LDL-C ratio, lbLDL-C/total LDL-C ratio, and sdLDL-C/lbLDL-C ratio were improved after evolocumab treatment, respectively, while the mid-band lipoprotein-C/total LDL-C ratio were not improved. All values are mean ± standard deviations. Abbreviations: LDL, low-density lipoprotein; lbLDL, large buoyant LDL; sdLDL, small dense LDL.
Discussion
Our data (Figure 8 ) obtained from 2% -16% GGE demonstrated that the shortterm evolocumab treatment increased the mean LDL size significantly and dramatically. The 2% -16% GGE is regarded as the golden standard method for LDL subfraction analysis or for estimation of LDL particle size [5] [14] . By using LDL size maker (Figures 5(a)-(c) ), we indicated that the main LDL particle size estimated by lipoprotein migration in 2% -16% GGE has been shown to be highly correlated with those obtained by 3% PAGE and 2.7% -5% GGE ( Figure   7 ). The 3% PAGE also demonstrated that evolocumab treatment significantly reduced the sdLDL-C, lbLDL-C, and mid-band lipoproteins-C (Figure 9(a) ).
Overlaying the PAGE results onto a standard densitometry pattern enabled us to identify the presence of sdLDL and/or mid-band lipoproteins (Figure 2) . Moreover, the use of Rm > 0.40 for an LDL peak estimated sdLDL content with sufficient accuracy (Figure 2 ). The results obtained from 3% PAGE were completely consistent with those obtained by 2% -16% GGE and 2.7% -5% GGE.
Mechanisms for the generation of smaller-sized LDL have been proposed [24] [25]. There is substantial evidence that type 2 diabetes mellitus, insulin resistance, overeating, and/or obesity may increase free fatty acid release into circulation from adipocytes and elevate plasma glucose [23] . The increased free fatty acids and plasma glucose are utilized as substrates for hepatic TG synthesis. As a consequence of increased hepatic TG synthesis, there may be increased production of TG-rich (large-sized) VLDL in the liver. This TG-rich (large-sized) VLDL can be a precursor of sdLDL. TG-rich (large-sized) VLDL is converted to TGenriched LDL, the favored substrate for hepatic lipase, which is transformed into smaller-sized LDL by lipase-mediated TG hydrolysis [26] . In fact, as data not shown, our data indicated that evolocumab treatment significantly reduced the AUC (%) for VLDL and the concentration (mg/dL) of VLDL1, which is larger than VLDL2 (Figure 10 ). Evolocumab may reduce plasma TG levels via prevention of VLDL assembly. It is interesting that PCSK9 may be related to VLDL production in the liver. Recently, it has been reported that PCSK9 is associated with the clearance of VLDL receptors, as well as LDL receptors [27] , in the liver. In addition, the effect of PCSK9 on intestinal TG-rich lipoprotein production has been reported [28] . Further research is needed to resolve this problem.
Our data presented that TG levels, as well as TC and LDL-C levels, were also [31] , and TRL remnants [32] . Our data indicated that the mean mid-band lipoprotein particle di- Our data presented that mid-band lipoprotein fraction levels were also reduced with evolocumab treatments (Figure 9 (a)). As above mentioned, midband lipoproteins include lipoprotein (a) (Lp(a)) [31] in addition to IDL and TRL remnants. Recently, it has been reported that evolocumab treatment decreases Lp(a) levels. In vivo and in vitro data in this analysis support the hypothesis that the additional upregulation of LDLR activity by PCSK9 mAb also increases the clearance of Lp(a) [37] . by the JAS, risk factors besides hyperlipidemia are also carefully considered, and emphasis is placed on understanding the multiple risks resulting from the accumulation of such risks. In actual treatment, the target lipid control level is set up in consideration of the presence or absence of CAD, the number of major coronary risks, etc., and individually tailor-made control and reduction of risks should be set up as the goal. We called it the treatment to "optimal" target, moreover, we proposed the concept that there was target level that could completely prevent cardiovascular events. We called it the treatment to "ZERO" target (under preparation). LDL-C level for diabetes mellitus with acute coronary syndrome was less than 50 mg/dL, secondary prevention was less than 60 mg/dL, primary prevention was less than 70 mg/dL, respectively.
In the present study, we selected 30 patients with dyslipidemia being treated with statins who were in the high-risk group and administered evolocumab at a dosage of 140 mg every two weeks. In these patients, the mean TC level before the administration of evolocumab was 5.772 mmol/L (223.2 mg/dL), and mean LDL-C was 3.543 mmol/L (137.0 mg/dL). It was possible by use of evolocumab to reduce the mean LDL-C to the target control value for the high-risk group and <80 mg/dL in the secondary prevention group, resulting in a goal attainment rate of 100%. In past studies on the evolocumab add-on therapy in patients who did not show sufficient decrease in lipid level under statin therapy, additional reducing effects were observed in percent changes in LDL-C (−75%) [38] .
In our present short-term study, to the same extent, TC and LDL-C were significantly reduced, showing the effect of evolocumab therapy (Figure 1 ).
However, there are many cases in which LDL-C disappear after two weeks of evolocumab treatment (Figure 2(b) ). The Phase-III trials with mAb inhibiting PCSK9 exhibited memory-loss and confusion in 1% -1.5% of the study subjects [39] indicating that lipid lowering through PCSK9 inhibition requires careful therapeutic monitoring. We propose the administration every 3 ~ 4 weeks of 140 mg/day of evolocumab as an add-on to statin therapy after lipoprotein particles are monitored by 3% PAGE. Moreover, the apoprotein E (APOE) ε4 allele is a known genetic risk factor for AD by accelerating the onset of AD [40] , whereas APOE ε2 is protective [41] . It may be important to look at setting up a goal for the reduction of LDL-C by evolocumab treatment according to APOE phenotype in addition to estimating the risk factor for atherosclerosis.
Further investigations, such as large randomized trials with long follow-up periods, are needed to determine whether it is possible to prevent CAD by using evolocumab therapy to change the mean LDL size. In our study, cardiac computed tomography (CT) angiography of the coronary arteries has been performed in some patients who participated in this clinical study. The cardiac CT angiography of the coronary arteries will be performed after a six-month follow-up period in patients who participated in this clinical study.
Limitations
The present study had several limitations. First, the enrolled number of subjects was markedly small, and this study had an open-label design.
Second, the markedly short study duration of four weeks may also be a limitation. However, since evolocumab is known to act rapidly, the evaluation of evolocumab treatment after four weeks may be sufficient to observe the maximal li-pid effect of the study. On the other hand, there was a possibility that the treatment period was probably too short to obtain a full therapeutic effect. Therefore, a long-term, larger-scale, and double-blind study in which the drugs are administered to patients with high-risk hyperlipidemias is needed in the future.
Third, a selection bias could be present because most patients were selected based on the detection of small size LDL-C after receiving 5 mg to 20 mg rosuvastatin or 10 mg to 40 mg atorvastatin for more than 24 weeks. Therefore, it is possible that patients for whom rosuvastatin or atorvastatin were less effective in lowering small size LDL-C levels were selected at screening. We should not ignore the fact that many patients treated with rosuvastatin or atorvastatin would be expected to have a good response in terms of the small size LDL-C level. Using a long-term study design, it should be investigated whether CAD can or cannot be prevented by lowering small size LDL-C by using evolocumab as an add-on to statin therapy.
Fourth, there may be differences between the genotype and phenotype when the apolipoprotein E phenotypes were assessed.
Fifth, we cannot completely eliminate the effects of LDL particle charge as this system uses 3% pre-cast polyacrylamide gels.
Finally, we excluded subjects with TG levels > 4.5 mmol/L (400 mg/dL), because we calculated the LDL-C level using the Friedewald equation. Also, all the participants were Japanese; therefore, our findings cannot be generalized to other races or ethnic groups.
Conclusion
Our present study suggests that evolocumab every two weeks as an add-on to statin therapy may be a useful therapeutic option to reduce small size LDL-C levels in Japanese hypercholesterolemic patients with high-risk hyperlipidemias after long-term statin treatment.
